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ABSTRACT 

Objective: To examine the effect of exercise on 
abdominal adipose tissue in adults with and without 
type 2 diabetes mellitus (T2DM). 
Design: Post hoc analysis of two randomised 
controlled trials. 

Setting: Outpatient secondary prevention programme 
in Baltimore, Maryland, USA. 
Participants: 97 men and women with 
prehypertension, stage 1 or medically controlled 
hypertension. 49% of the sample was also diagnosed 
with T2DM. 

Intervention: All participants completed a 26-week 
(6.5 months) supervised aerobic and resistance 
exercise programme following American College of 
Sports Medicine guidelines. 
Primary and secondary outcome measures: The 
main outcomes in this post hoc analysis were total 
abdominal adipose tissue (TAT), subcutaneous adipose 
tissue (SAT) and visceral adipose tissue (VAT) measured 
by MRI. Secondary outcomes were to determine 
whether the magnitude of abdominal fat change differed 
by diabetes status in men and women and to identify 
the predictors of change in abdominal fat distribution 
with exercise. 

Results: Overall, participants (mean age 61+6 years; 
45% women) significantly improved peak oxygen uptake 
by 15% (p<0.01) and reduced weight by 2% (p<0.01). 
No change in SAT was observed after training. The 
reduction in VAT following exercise was attenuated in 
participants with T2DM (-3%) compared with 
participants who were non-T2DM (-18%, p<0.001 for 
the difference in change). The magnitude of VAT loss 
was associated with a decrease in body weight (r=0.50, 
p<0.001). After adjustment for weight change using 
regression analysis, diabetes status remained an 
independent predictor of the change in VAT. 
Conclusions: Although participants with and without 
T2DM attained an exercise training effect as evidenced 
by increased fitness, VAT was unchanged in T2DM 
compared to those without T2DM, suggesting that these 
individuals may be resistant to this important benefit of 
exercise. The strategies for reducing cardiovascular 
disease risk in T2DM may be most effective when they 
include a weight loss component. 
Clinical Trials Registration: Clinicaltrials.gov 
Registry NCT0021 2303. 



Strengths and limitations of this study 



■ Use of a large dataset that included overweight/ 
obese adults with and without type 2 diabetes 
mellitus. 

■ Use of imaging techniques to assess abdominal 
fat content. 

■ Potential for bias due to the fact that our primary 
independent variable (diabetes status) corre- 
sponded directly to two separate clinical trials. 



INTRODUCTION 

In 2005, the Sugar, Hypertension and Physical 
Exercise Trial (SHAPE2) was launched to deter- 
mine the impact of 6 months of supervised 
exercise training without dietary weight loss on 
resting blood pressure in persons with type 2 
diabetes mellitus (T2DM) and untreated sub- 
optimal blood pressure or treated hyperten- 
sion. 1 While exercise improved glycaemic 
control and fitness, it had no effect on blood 
pressure or improvement in the indices of vas- 
cular function, 1 2 raising questions about the 
efficacy of exercise programmes for influencing 
the course of cardiovascular disease morbidity 
in those with T2DM. 

We acknowledge that the accumulation of 
abdominal adipose tissue, particularly visceral 
adipose tissue (VAT) , is associated with insulin 
resistance 3 and atherogenic abnormalities 4 5 
that may contribute to an increased risk of 
cardiovascular events. 6 Exercise has been 
shown to reduce VAT in obesity, independent 
of weight loss. 7-13 There is also evidence that 
aerobic 12-14 and aerobic combined with resist- 
ance exercise 15 promotes abdominal fat loss 
in T2DM, but only one of these studies 12 
examined the abdominal fat loss with exercise 
in participants who were non-T2DM com- 
pared to men with T2DM. We hypothesised 
that, because of more significant derange- 
ments in glucose and fat metabolism, obese 
patients with T2DM may have an attenuated 
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reduction in abdominal fat in response to exercise com- 
pared with their obese counterparts, which may explain, 
in part, a decreased benefit on cardiovascular disease 
risk. 

Accordingly, the aim of the current post hoc analysis 
was to examine the effect of exercise training on total 
abdominal fat and compartmental abdominal fat in men 
and women with and without T2DM. Additional aims 
were to determine whether the magnitude of abdominal 
fat change differed by diabetes status in men and 
women and to identify the predictors of change in 
abdominal fat distribution with exercise. 

METHODS 

We combined the data from two previously conducted 
clinical trials, the Senior Hypertension and Physical 
Exercise Study (SHAPE1; 1999-2004) and the Sugar 
Hypertension and Physical Exercise Study (SHAPE2; 
2005-2010). Comprehensive descriptions of the interven- 
tions, methodologies and main findings from these 
studies have been published elsewhere. 1 17 Briefly, in 
both trials, men and women were randomised to 
6 months of supervised exercise training or to a control 
condition that received no exercise intervention. The 
present post hoc analysis examines the data among 
those individuals who were randomised to and success- 
fully completed the 6-month exercise interventions. All 
participants provided a written informed consent. 

Setting and participants 

Men and women were enrolled in SHAPE 1 based on the 
following criteria: (1) age (55-75 years); (2) prehyper- 
tension or stage 1 hypertension according to the guide- 
lines of the Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation and 
Treatment of High Blood Pressure (JNC 7) 18 ; and (3) 
no T2DM at baseline. The inclusion criteria for SHAPE2 
included: (1) men and women aged 40-65 years; (2) 
resting blood pressure between 120 and 159 mm Hg/85 
and 99 mm Hg or use of at least one antihypertensive 
medication; and (3) non-insulin dependent T2DM 
meeting the 2003 American Diabetes Criteria. A com- 
prehensive list of the exclusion criteria for these studies 
can be found elsewhere. 1 17 All participants were free of 
known clinical cardiovascular disease and each partici- 
pant completed a prestudy screening exercise stress test 
without evidence of ischaemia, high-grade arrhythmias 
or symptoms. 

Exercise intervention and study outcomes 

The same exercise intervention protocol was used in 
SHAPE 1 and SHAPE2. Exercisers were scheduled to 
attend three sessions per week. The prescribed number 
of sessions was 78 (3 days a week for 26 weeks). If a par- 
ticipant had attended fewer than 62 sessions at 6 months 
(80%) compliance, an extra month was allowed to get as 
close to 62 sessions as possible. Each session included 



resistance training and aerobic training components in 
accordance with previously published guidelines by the 
American College of Sports Medicine (ACSM). 19 An 
exercise physiologist oversaw all sessions and ensured 
adherence to the exercise protocol. No attempt was 
made to control for diet, yet dietary data were obtained 
from a 3-day food record and were analysed using a soft- 
ware program (Nutritionist V; First DataBank, San 
Bruno, California, USA). 

All study outcomes were measured at baseline and fol- 
lowing the 6-month intervention. Body weight and 
height were measured using standard procedures. Total 
fat mass, lean mass and percentage of body fat were 
determined using dual energy X-ray absorptiometry 
(DEXA; GE Lunar Prodigy; General Electric Medical 
Systems, Milwaukee, Wisconsin, USA). The images were 
all analysed using the same version of DEXA software 
(V.13). \AT, subcutaneous adipose tissue (SAT) and total 
abdominal adipose tissue volumes around the abdomen 
were measured from images obtained using an MRI 
system (Siemens Vision 1.5T; Siemens Medical Systems, 
Iselin, New Jersey, USA). Peak oxygen uptake was deter- 
mined using a Bruce protocol on a treadmill with a 
Cardinal Health Vmax 229 Metabolic System (Cardinal 
Health Inc, San Diego, California, USA). Oxygen con- 
sumption (V0 2 ) peak is expressed as V0 2 per kg total 
body weight per minute (mL/kg/min). 

Statistical analysis 

Our primary aims in this analysis were to measure the 
impact of exercise training on abdominal fat and to 
examine the potential effect of T2DM on this change. 
Baseline differences and changes for all variables of 
interest between men and women with and without 
T2DM who completed the exercise intervention were 
analysed with one-way analysis of variance. To study 
whether the improvements in abdominal fat were 
related to changes in weight or fitness, we calculated 
Pearson product moment correlations between 6-month 
changes in abdominal fat outcomes and weight and V0 2 
peak and exercise volume. Linear regression models 
were used to examine whether sex, T2DM and (later) 
changes in weight were associated with differences in 
pretraining to post-training values for each of the 
dependent variables (SAT, \AT and TAT). All regression 
models were adjusted for baseline values of the depend- 
ent variable, age and race because of differences 
between SHAPE 1 and SHAPE2 participants at baseline. 
Data analysis was performed using STATA V.10.1 
(StataCorp LP, College Station, Texas, USA). Type 1 
error rate was set at a=0.05. 

RESULTS 

A total of 97 participants (49 non-T2DM and 48 T2DM) 
completed the exercise interventions. Of these, 45% (26 
non-T2DM and 18 T2DM) were women. The combined 
sample consisted mainly of white (78%) individuals. 
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Table 1 Participant demographics baseline physical characteristics 





T2DM (n=48) 




Non-T2DM (n=49) 




p Value 


Age, years 


58 


± 


Q 
O 


63 


± 


O 


<U.UU1 


Sex 
















Male 


30 




COO/ 

DO /o 


23 




A "70/ 

4/ /o 


U.I 


Female 


18 




070/ 
Of /O 


26 




coo/ 
DO /o 




Race 
















vvnue 


29 




OU 


47 




yo 


<U.ULM 


Black 


18 




QQ 


1 




o 




Other 


1 




1 


1 




2 




BMI, kg/m 


32.5 


± 


5.4 


29.3 


± 


3.8 


0.001 


Waist circumference, cm 


102.3 


± 


11.6 


93.4 


± 


11.7 


0.001 


Total body fat, % 


37.1 


± 


7.9 


38.2 


± 


8.8 


0.539 


Fat-free mass, kg 


56.9 


± 


11.1 


47.4 


± 


10.7 


<0.001 


Fat mass, kg 


36.2 


± 


11.3 


31.2 


± 


9.1 


0.017 


V0 2 peak, mUkg/min 


22.5 


± 


5.6 


24.3 


± 


5.2 


0.099 



Data are presented as mean±SD or n (%). 

BMI, body mass index; T2DM, type 2 diabetes mellitus; V0 2 , oxygen consumption. 



Participant demographics and physical characteristics at 
baseline for all completers according to diabetes status 
are shown in table 1. Consistent with the selection cri- 
teria of each trial, participants with T2DM were younger, 
and had a higher body mass index and a larger waist cir- 
cumference compared to those without T2DM, whereas 
baseline fitness levels and percentage total body fat were 
similar between T2DM and non-T2DM. A listing of the 
current medications taken by the T2DM group has been 
previously reported. 1 

Individuals with T2DM completed a mean±SD of 
72±17 of their prescribed 78 sessions (92%), which was 
not different from the 70±6 sessions (90%) completed 
by the participants who were non-T2DM (p=0.471). 
However, the non-T2DM group expended more calories 
per session (428±184 kcal) compared to those with 
T2DM (298±99 kcal, p<0.001). There were no significant 
differences between the T2DM and non-T2DM groups 
for total daily energy intake at baseline (T2DM: 1984 
±658 kcal vs non-T2DM: 1924±708 kcal, p=0.673) or fol- 
lowing the exercise intervention (T2DM: 1960±655 kcal 
vs non-T2DM: 1946±589 kcal, p=0.916). Additional 
dietary data are available on request to the correspond- 
ing author. 

Baseline values, absolute 6-month change and relative 
(%) 6-month change in the primary outcomes of 
abdominal fat measurements, weight and fitness are 
expressed in table 2. Across the entire sample, V0 2 peak 
was significantly increased from 23.5±5.5 at baseline to 
27. 1±6.3 mL/kg/min at the end of the 6-month inter- 
vention (p<0.001). V0 2 peak values at baseline and 
6 months were higher among individuals who were 
non-T2DM but similar improvements were observed 
across diabetes status and sex (table 2). At baseline 
and at 6 months, participants with T2DM reached 
similar levels of respiratory exchange ratio (RER; base- 
line: 1.07±0.06; 6 months: 1.07±0.08, p=0.98), indicat- 
ing similar degrees of effort at both time points. This 



is reflective of a true training effect for cardiorespira- 
tory fitness. For participants who were non-T2DM, 
RER at 6 months was lower compared with the base- 
line (baseline: 1.12±0.06; 6 months 1.09±0.05, p<0.01), 
suggesting a potential reduction in effort in this 
group at follow-up. 

We observed reduced body weight from 89.5±17.4 to 
87.2±17.4 (p<0.001) overall. However, women with 
T2DM lost more weight (5%) than women without 
T2DM (2%). In contrast, men with T2DM lost no 
weight, that is, less than the men without T2DM (3%). 
Women with T2DM showed the greatest loss in weight of 
all subgroups. The greatest reduction in \AT was 
observed in men who were non-T2DM and was signifi- 
cantly greater than that seen in women who were 
non-T2DM. Both men and women with T2DM had sig- 
nificantly less \AT change after 6 months of exercise 
than those without T2DM. In contrast, the change in 
SAT did not differ across sex or diabetes status 
(p=0.447). Thus, as expected, non-T2DM showed the 
greatest change in TAT (p<0.032). 

We combined the data from the 97 exercisers to evalu- 
ate the relationships between changes in adipose tissue 
depots, weight, V0 2 peak and average energy expend- 
iture per exercise session. We found that the reductions 
in abdominal adipose tissue were strongly related to 
each other (r range 0.45-0.93) and to weight loss 
(r range 0.37-0.80; table 3). Interestingly, while 
increased V0 2 peak was correlated with reduced \AT 
(r=-0.21, p=0.04) and TAT (-0.25, p<0.01) in the com- 
bined sample, the change in V0 2 peak was related to 
the change in VAT (-0.43 (<0.01) among non-T2DM 
T2DM, but not in the subgroup with T2DM. Across the 
entire sample the metabolic cost expended per exercise 
session was not associated with the change in weight, or 
TAT and SAT. There was a trend for an association 
between the loss of the \AT and the metabolic cost 
expended per session (r=-0.18, p=0.08). 
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Table 2 Primary outcome variables at baseline and changes with exercise 




Men, non-T2DM Men with T2DM Women, non-T2DM Women with T2DM 
(n=23) (n=30) (n=26) (n=18) p 

Mean±SD Mean±SD Mean±SD Mean±SD Value 



SAT 



Baseline (cm 2 ) 


229±75 a 


339±112 b 


330±105 b 


445±156 c 


<0.001 


6-month change (cm 2 ) 


-24±25 


-12±38 


-27±38 


-26±49 


0.447 


6-month change (%) 


-10±11 


-3±10 


-9±14 


-4+1 1 


0.082 


VAT 












Baseline (cm 2 ) 


187±65 a 


177±73 a 


110±48 b 


120±42 b 


<0.001 


6-month change (cm 2 ) 


-41±33 a 


-6±35 b 


-14±23 b 


-10±29 b 


<0.001 


6-month change (%) 


-23±17 a 


-2±18 


-13+17 


-4±23 b 


<0.001 


TAT 












Baseline (cm 2 ) 


417±98 a 


541±154 b,c 


441±131 ac 


591±185 b 


<0.001 


6-month change (cm 2 ) 


-65±36 a 


-14±69 b 


-42±57 


-35±78 b 


0.032 


6-month change (%) 


-17±9 a 


-2±11 b 


-10±14 


-4±13 b 


<0.001 


Weight 












Baseline (kg) 


90±11 a 


101±15 a 


75±13 b 


91±20 a 


<0.001 


6-month change (kg) 


-3±3 


-1±4 a 


-2±3 


-5±5 b 


0.011 


6-month change (%) 


-3±3 


-1±4 a 


-3±5 


-5±5 b 


0.009 


Lean mass 












Baseline (kg) 


57.7±5.5 a 


63.1±7.9 b 


38.3±2.9 C 


46.5±7.3 d 


<0.001 


6-month change (kg) 


1.9±1.3 a 


0.6±2 b,c 


1 .2+1 .5 acd 


0.2±1.8 b,d 


0.008 


6-month change (%) 


3.3±2.2 


1±3 


3.1±3.9 


0.6±3.8 


0.008 


V0 2 peak 












Baseline (mL/kg/min) 


28±5 a 


25±5 b 


21±2 C 


18±3 C 


<0.001 


6-month change 


4±4 


3±3 


4±2 


3±2 


0.598 


(mL/kg/min) 












6-month change (%) 


16+14 


14±14 


18+10 


20±15 


0.464 



p Value refers to overall comparison between groups (analysis of variance). 
Values with different superscript letters differed by post hoc Bonferroni testing. 

SAT, subcutaneous abdominal tissue; TAT, total adipose tissue; T2DM, type 2 diabetes mellitus; VAT, visceral adipose tissue; V0 2 , oxygen 
consumption. 



Linear regression models were used to examine the 
independent effects of sex and diabetes on absolute 
changes in abdominal adipose tissue, adjusted for base- 
line values of abdominal adipose tissue, age and race 
(table 4). In the initial model, for which T2DM was the 
reference group, non-T2DM status was associated with a 
negative regression coefficient for SAT, VAT and TAT. 
This can be interpreted as a greater decrease in the 
abdominal adipose tissue over the course of the exer- 
cise intervention in participants without T2DM versus 
participants with T2DM. However, these models had 
low overall R 2 values (12-22%) indicating a poor 
model fit. As we found that change in weight differed 
across diabetes status and sex (table 2), and change in 
weight was highly correlated with changes in abdominal 
fat (table 3), a second model (model 2) added baseline 
weight and weight change as covariates. In these 
models, fit was greatly improved with R 2 increasing to 
51-65%. The greater weight change was independently 
and directly associated with change in SAT, \AT and 
TAT (p<0.001). Diabetes status remained an independ- 
ent predictor for the change in VAT and TAT, again 
with non-T2DM being related to a greater decrease in 
abdominal fat with exercise versus T2DM, but diabetes 
status was no longer a significant predictor of SAT 



change. After adjusting for the effects of weight 
change, sex became an important predictor of VAT and 
TAT with men losing more relative to women over the 
course of the intervention. 



DISCUSSION 

The reduction in VAT among individuals with T2DM has 
ranged from 8% to 48%, 12-15 20 yet these previous 
studies were limited by small sample sizes with men or 
women only, or lacked a non-T2DM control. In the 
present analysis, we combined the data from two 
6-month long clinical trials that included both men and 
women and therefore provide novel data that extend the 
current body of literature investigating the benefit of 
exercise on abdominal fat loss as measured by imagining 
techniques. Our results indicate that 6 months of exer- 
cise training led to an improved fitness, weight loss and 
a reduced total body fat among individuals with mild 
forms of hypertension with and without T2DM. 
However, further analysis revealed that on adjustment 
for baseline levels of fat and changes in weight, the mag- 
nitude of VAT loss was less in persons with T2DM. Thus, 
our key finding was that the presence of T2DM appears 
to limit the ability to lose VAT with exercise. While these 
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Table 3 Unadjusted Pearson's correlations (r (p value)) of changes in the primary outcome variables in the sample and by 
T2DM status 





SAT 


VAT 


TAT 


Weight V0 2 


CAT /-»ky-»2 

oA i , cm 










1 ^DIVI 


1 .UU 








M/^r» Tony 
NOn- 1 ^UM 


1 .UU 








Combined sample 


i .UU 








\/AT ^m 2 

va i , cm 










Tony 


U.OZ (<U.U1 ) 


\ .UU 






Non- 1 ^lUivi 


U.^iU (U.I / ) 


1 nn 
1 .UU 






L/Omoinea sample 


U.H-o (<U.UI J 


1 nn 
1 .UU 






TAT r»m 2 

i a i , cm 










Ton iv /i 


U. C70 ( <U. U 1 ) 


u.oh (<u.u I ) 


1 nn 

I .UU 




\u n ~roniv/i 
Non- 1 ^divi 


U./o (<U.Ul ) 


U./O (<U.U1 J 


1 nn 
\ .UU 




Combined sample 


U.o/ (<U.UI J 


U.o l (<U.UI J 


1 nn 
\ .UU 




\A/oinht 

vvfcjiyiii, i\y 










T2DM 


0.80 (<0.01) 


0.63 (<0.01) 


0.77(<0.01) 


1.00 


non-T2DM 


0.67(<0.01) 


0.37(<0.01) 


0.68 (<0.01) 


1.00 


Combined sample 


0.75(<0.01) 


0.50 (<0.01) 


0.73(<0.01) 


1.00 


V0 2 , mL/kg/min 










T2DM 


-0.13 (0.38) 


0.05 (0.72) 


-0.09 (0.56) 


0.07 (0.66) 1.00 


Non-T2DM 


-0.27 (0.06) 


-0.43(<0.01) 


-0.45(<0.01) 


-0.42(<0.01) 1.00 


Combined sample 


-0.20 (0.05) 


-0.21 (0.04) 


-0.25 (<0. 01) 


-0.13(0.22) 1.00 



Data meeting statistical significance (p<0.05) are presented as italics. 

SAT, subcutaneous abdominal tissue; TAT, total adipose tissue; T2DM, type 2 diabetes mellitus; VAT, visceral adipose tissue; V0 2 peak, 
oxygen consumption. 



data contrast with the previous work on this topic, there 
are several points that deserve attention. 

First, we employed an ACSM guidelines driven exer- 
cise prescription 19 that consisted of aerobic training, 
three times per week of moderate-to-vigorous intensity 
(60-90% HR max). By comparison, the aerobic inter- 
vention carried out by Lee et al 12 in T2DM was more 



rigorous, consisting of 60 min of exercise for 5 days/ 
week. It has been firmly established that lipolysis in 
human fat cells is regulated by catecholamines interact- 
ing with stimulatory (3-adrenergic receptors and inhibi- 
tory oc-adrenergic receptors. 21 22 Aerobic exercise 
training improves SAT lipolysis by decreasing 
a-adrenergic receptor antilipolytic activity. The impaired 



Table 4 Six-month changes in abdominal fat parameters (cm 2 ) by diabetes status and sex, with and without adjustment for 
baseline and change in body weight 



Model 1 



Model 2 (Model 1+baseline weight and 
weight change) 



p coefficient 95% CI 



p Value p coefficient 95% CI 



p Value 



SAT (cm 2 ) 
Diabetes status (non-T2DM) 
Sex (men) 
Weight change (kg)* 
R 2 

VAT (cm 2 ) 
Diabetes status (non-T2DM) 
Sex (men) 
Weight change (kg)* 
R 2 

TAT (cm 2 ) 
Diabetes status (non-T2DM) 
Sex (men) 
Weight change (kg)* 



-23 
-2 

12% 

-29 
-3 

22% 

-62 
-11 

16% 



-4 to -14 
-20 to 15 



-14 to -43 
-17 to 12 



-31 to -94 
-37 to 16 



0.020 
0.802 



<0.001 
0.690 



<0.001 
0.428 



-10 
-8 
28 

59% 

-18 
-17 
18 
51% 

-43 
-49 
46 
65% 



-24 to 3 
-29 to 12 
23 to 34 



-6 to -30 
-29 to -5 
12 to 23 



-22 to -64 
-76 to -23 
37 to 55 



0.126 
0.412 
<0.001 



0.005 
0.007 
<0.001 



<0.001 
<0.001 
<0.001 



All models adjusted for baseline abdominal fat value, age and race. 
*Weight change coefficient standardised to 1 SD of weight change (3.9 kg). 

SAT, subcutaneous adipose tissue; TAT, total abdominal tissue; T2DM, type 2 diabetes mellitus; VAT, visceral adipose tissue. 
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ability of persons with T2DM in our study to lose VAT 
may relate to the reduced sensitivity of visceral adipo- 
cytes to catecholamines or a stronger 
oc-adrenergic-mediated response in these cells. 
Therefore, more vigorous and frequent exercise bouts 
and/or bouts of longer duration may be required in 
T2DM to sustain catecholamines at levels that result in a 
greater lipolysis in visceral adipocytes. That being said, 
we observed a small relationship between the metabolic 
cost per session and the loss of \AT that fell short of stat- 
istical significance. Of course, without measuring the cat- 
echolamine levels or the receptor activity in the present 
study this point remains speculative. 

Second, consistent with ACSM guidelines our exercise 
intervention included whole body resistance training for 
3 days/week. 19 Prior work by Ormsbee et aF* found a 
blunted lipolytic response to an acute bout of resistance 
exercise in obese men compared with lean men. They 
noted an increase in growth hormone (GH) from the 
resting levels following the exercise bout in the lean par- 
ticipants, but no similar response among the obese parti- 
cipants. Since GH is an important regulator of lipolysis it 
may be that the inability to lose \AT by participants with 
T2DM in our study is related to diminished GH 
responses to resistance exercise. Interestingly, gains in 
fat-free mass among our T2DM cohort were also blunted 
compared with our non-T2DM group, which might also 
be suggestive of impaired release of GH. However, we 
are unaware of any studies that have addressed this 
hypothesis. 

Third, although age was not an independent predictor 
of the change in \AT in our regression analyses, it could 
be that older age impairs the exercise-induced reductions 
in \AT. Indeed, Mourier et al 14 and Lee et at 2 observed a 
significant \AT loss in participants with T2DM who were 
much younger and achieved greater gains in fitness than 
the participants with T2DM enrolled in our study. Thus, 
if we again consider that (3-adrenoceptor sensitivity to 
catecholamines is impaired in T2DM, 24 this effect may be 
greater among older persons. 25 Interestingly, however, 
compared to our non-T2DM group, our T2DM group 
was younger and fatter per inclusion criteria, and this 
would most likely have resulted in a greater abdominal fat 
reduction. The observation that they lost less despite 
these advantages means that any potential bias is probably 
underestimating our effect. 

Fourth, individuals with early-stage T2DM are more 
likely to benefit from intensive lifestyle intervention, 
with regard to improvement in body weight, fitness, 
blood pressure, glycaemic control and lipids. 26 We do 
not have specific data on the duration of diabetes diag- 
nosis, but note that we excluded individuals who were 
taking insulin. Moreover, those enrolled in the interven- 
tion showed good glycaemic control at baseline. 1 Both 
points suggest that our participants had a shorter dur- 
ation of diabetes. Whether age or the stage of diabetes 
moderates the amount of fat lost with exercise warrants 
further examination. 



While the disparities in \AT loss between our T2DM 
and non-T2DM groups are striking, examining the 
extent to which the inability to lose \AT in T2DM trans- 
lates to poorer cardiovascular outcomes is beyond the 
scope of the current analysis, but an area for future 
investigation. Furthermore, we emphasise that recent 
guidelines recommend weight loss for all overweight or 
obese individuals who have or are at risk for diabetes. 27 
The most effective behavioural weight loss programmes 
incorporate dietary changes, and diet and exercise may be 
synergistic in achieving cardiovascular benefit. Moreover, 
we know from gastric bypass studies that extreme weight 
loss drastically improves or even cures T2DM. 28 Thus, 
weight loss may potentiate the beneficial effects of exer- 
cise, and vice versa. The current findings do not detract 
from the above recommendation; rather, given that we 
found weight loss to independently predict the amount of 
\AT lost, our data help to reinforce these guidelines. Also, 
despite the negative finding related to the absence of \AT 
loss among our patients with T2DM, we underscore that 
the loss of abdominal fat among our older men who were 
non-T2DM was significant. Considering that obesity exacer- 
bates the age-related decline in physical function in older 
adults, 29 our data support the continued promotion of 
exercise among the elderly as a means to prevent reduced 
physical function with aging. 

Several limitations of our study deserve comment. Our 
participants with T2DM were being prescribed a wide 
array of hypoglycaemic agents 1 that may lead to weight 
gain or prevent weight loss. 30 Exploring the interaction 
between exercise and these hypoglycaemic agents is an 
interesting one but the present study does not have suffi- 
cient statistical power to examine this. We acknowledge 
the inherent potential for bias when our primary inde- 
pendent variable (diabetes status) corresponded directly 
to the two separate clinical trials, which did have a few dif- 
ferences as we outlined in the Methods section. However, 
as also mentioned above, the exercise intervention was 
identical in both trials and the younger and more obese 
characteristics of the patients with T2DM would most 
likely introduce a conservative bias if any. Future research 
on this question within a single clinical trial population 
including participants with and without T2DM and 
appropriate controls could help address this limitation. 

In conclusion, while exercise training improved 
fitness and reduced weight and total body fat among indi- 
viduals with mild forms of hypertension with and without 
T2DM, the loss of VAT was less in individuals with T2DM 
compared to individuals who were non-T2DM. 
Importantly, this effect remained after controlling for the 
amount of weight lost, suggesting that the ability to 
improve body fat distribution (ie, lose \AT) with exercise, 
independent of weight change, is impaired by T2DM. 
The findings of this study should stimulate investigators to 
examine the effects of different exercise strategies on 
abdominal fat and to explore how to more effectively 
reduce \AT in individuals with T2DM, where a greater 
impact on cardiovascular disease outcomes is needed. 
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